Bacillus cereus, Clostridium perfringens, Staphylococcus aureus, Pseudomonas fluorescens, Pseudomonas fragi, Escherichia coli, and Salmonella "anatum" were challenged with butylated hydroxyanisole (BHA). Susceptibility was measured as the concentration of BHA required to cause a 90% reduction in bacterial survivors. Staphylococcus aureus LP and P. fragi were two of the most resistant species examined; C. perfringens and P. fluorescens were the most susceptible. Gram stain reaction was found not to be a strict indicator of bacterial susceptibility to BHA. There was no obvious relationship between individual fatty acids and susceptibility. The ratio of saturated to unsaturated fatty acids in the total lipid fraction of only the gram-positive species was related to susceptibility. The ratios of saturated to unsaturated fatty acids of other fractions were not related to susceptibility.
Butylated hydroxyanisole (BHA) is added to foods primarily to prevent oxidation in lipids. However, the antimicrobial activity of this hydrophobic antioxidant has been well documented (1, 5, 10, 14) . Most evidence suggests that the inhibitory powers of BHA are, in part, due to disruption of the cytoplasmic membrane of cells (1, 6, 7, 15) . The compound may function as a membrane perturber by insertion into the lipid layer of the bacterial cell, causing disruption of the ordered state of the alkyl chains (8, 18, 19) . Since the inhibitory powers of BHA are dependent primarily on lipid solubility (14) and possibly on localization in lipidcontaining membranes, differences in susceptibility reported for a variety of bacterial organisms may be related to the fatty acid composition of the species. This study was undertaken to determine whether a relationship exists between the fatty acid composition of selected bacterial species and their susceptibility to BHA and to determine the influence, if any, of the Gram reaction on susceptibility.
Cultures Microbial lipids were extracted by a modification of the method of Folch et al. (9) and separated into total and polar lipid fractions by a modified silicic acid slurry method described by Murty et al. (12) . Methyl esters of total and polar lipid fractions were prepared with boron trifluoridemethanol reagent (Supelco, Inc., Bellefonte, Pa.) and stored under nitrogen at -20°C. Methyl esters of total and polar lipid fractions were analyzed for fatty acid composition with a Shimadzu GC Mini-2 gas chromatograph (Shimadzu Ltd., Kyoto, Japan) on a GP 3% SP-2100 DOH Supelcoport column (Supelco). Major fatty acids were identified by comparison of retention times with those of pure bacterial fatty acid methyl ester standard (Supelco). The saturated-tounsaturated fatty acid ratio (S/U ratio) for each microorganism was determined by using relative percentages of all known fatty acids in each group. Differences in the S/U ratio between organisms were determined by analysis of variance, and if significant differences (P < 0.05) occurred, mean separations were done with the Duncan mean separation procedure.
A wide range of susceptibilities was found between the gram-positive and -negative bacteria and even among the members of each group (Table 1) . Of the gram-negative species, E. coli and P. fragi proved to be the most resistant, with LD90s of 243 and 347 jig of BHA per ml, respectively. the total fraction of the gram-positive bacteria, the two most resistant strains, S. auireius 12600 and LP, had the highest (P < 0.05) S/U ratio. Correspondingly, the least resistant bacterium, C. perfringens, had the lowest S/U ratio (P < 0.05). The correlation coefficient between the S/U ratio and LD9(, for the total fraction of the gram-positive bacteria was 0.89 (P < 0.05). These results suggested that cellular lipid composition may have affected susceptibility of the various gram-positive microorganisms. The polar fraction of the gram-positive group generally had lower S/U ratios than did the total fraction (Table 2 ). The S/U ratios were statistically equivalent (P > 0.05) within the polar fraction, except for S. aiureius LP, which had a significantly higher ratio (50.93).
In contrast to the gram-positive bacteria, the gramnegative bacteria showed fewer differences between the total and polar fractions (Table 2) . No relationship was apparent between the S/U ratios and susceptibility as measured by the LD9o for this group. Because the gram-negative bacteria contain lipids in the cell wall as well as in the cytoplasmic membrane, factors which govern their susceptibility to the hydrophobic antimicrobial agent might be expected to be more complex than those for gram-positive bacteria.
The first objective of this work was to determine if a relationship exists between the fatty acid composition and susceptibility of bacteria to BHA. It has been suggested (4) that increased amounts of saturated fatty acids in the cytoplasmic membrane of bacteria may result in greater resistance due to a higher degree of order of the lipid alkyl chains. For the bacteria tested in this study, there existed a significant correlation between lipid composition and susceptibility only with the total fraction of the gram-positive bacteria. Therefore, it is probably not possible to generally predict the susceptibility of microorganisms to BHA simply by analyzing the fatty acid composition of the cell. Work is currently being done to evaluate the influence of total lipid and phospholipid concentrations on susceptibility of cells to phenolic compounds.
The second objective was to determine whether the Gram reaction was related to susceptibility. From the results of this study, there does not appear to be a strict relationship between the two factors.
